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Introduction 57
East Antarctica constitutes up to two-thirds of the Antarctic continent and is home to some of 58 the oldest, coldest soils on Earth (Cary et al., 2010) . Aside from isolated pockets of ice-free 59 areas, its sheer bulk is typically covered by a thick layer of ice (Terauds et al., 2017) . The 60
Windmill Islands, an ice-free region situated near Casey research station, is comprised of five 61 major peninsulas and a number of rock-strewn islands. Approximately 1400km north lies the 62 Vestfold Hills, a large expanse of low-lying hilly country deeply indented with sea-inlets and 63 snowmelt lakes (O'Brien et al., 2015) . These diverse edaphic habitats are a legacy of varied 64 geological and glaciological histories (Anderson et al., 2002) . Throughout terrestrial Antarctica, resources are scarce and physiochemical gradients steep 77 (Convey et al., 2014) . It is therefore hypothesised that variation in the capacity of microbes to 78 access and utilise resources, as well as tolerate stress, is contributing significantly to the 79 structuring of these microbial assemblages inhabiting cold desert soils. But, the ability to 80 disentangle the basis of microbial community assembly, specifically niche-neutral processes 81 in cold regions has been limited by the small number, and the depth of studies available 82 (Cowan et al., 2014) . Furthermore, the majority of relevant studies have solely been focused 83 on a portion of the microbiome, the bacterial community. 84
Relatively few eukaryotic and archaeal-specific phylotypic surveys have been reported for 85 terrestrial Antarctic environments (Cowan et al., 2014) . As a result, the ecological roles of 86 eukaryotes and archaea in cold edaphic habitats remain ambiguous (Pointing et al., 2009; Rao 87 et al., 2012; Richter et al., 2015) . Available studies report significantly lower fungal and 88 archaeal diversities within arid-to-hyperarid soil ecosystems compared to their bacterial 89 counterparts (Cowan et al., 2014; Ferrari et al., 2016) . However, lower diversity and 90 abundance does not necessarily equate to a diminished ecological role. In mixed soil 91 communities, it is often not the most productive members that dominate as relative 92 abundance is often determined by adaptations to the abiotic and biotic components of the 93 environment (Bell et al., 2013) . As such, it is likely that all three microbial domains are 94 collectively responsible for the sustainability and evolution of the polar soil microbiome 95 (Faust & Raes 2012; Fierer 2017). Therefore, in order to approach an integrated 96 understanding of the basic ecological mechanisms behind community assemblage patterns 97 within such a severely limiting environment, it is important to jointly consider their bacterial, 98 eukaryotic and archaeal components together, 99
In this study, we compiled bacterial 16S, eukaryotic 18S and archaeal 16S rRNA amplicon 100 sequencing data from over 800 polar soil samples spanning nine east Antarctic sites between 101 the Windmill Islands and Vestfold Hills. By taking a multivariate, exploratory network and 102 modelling approach using poisson-lognormal (PLN) and negative binomial (NB) fitted 103 species abundance distributions (SADs), we aim to determine whether classic niche-based or 104 neutral mechanisms best explain the assemblage patterns of microbial communities across 105 our east Antarctic soil biomes. 106
Results 108
Amplicon sequencing yield and coverage. We recovered a total of 60, 495, 244 high-quality 109 bacterial 16S rRNA gene sequences, which clustered down into 36, 251 operational 110 taxonomic units (OTUs) at 97% identity cut-off. Our eukaryotic and archaeal runs yielded a 111 total of 1, 299, 519 18S rRNA and 13, 373, 072 16S rRNA gene sequences after read-quality 112 filtering, which respectively clustered at 97% into 1511 and 589 OTUs (Table S1) . 113
Subsampled rarefaction curves of the pooled data revealed that bacterial, eukaryotic and 114 archaeal richness approached asymptote at each site ( Fig. S1 ). 115
Biodiversity of the east Antarctic polar soil microbiome. At 97% identity, OTUs were 116 classified into 63 bacterial, 27 eukaryotic and three archaeal phyla. Distributions of phylum 117 abundances for all three domains were uneven as the majority of sites were dominated by a 118 handful of taxa ( Fig. 2) . Overall, our soil bacterial communities were predominantly 119 comprised of the metabolically diverse Actinobacteria (30.5%) and Proteobacteria (14.6%). 120
Bacteroidetes were more prevalent at the Vestfold Hills (24.9%) due to the higher salinity 121 levels visible as salt crystal encrustations in this region. Chloroflexi (17.8%) and 122
Acidobacteria ( SAGMA-X, Cenarchaeaceae and TMEG families that collectively accounting for 0.01% of 149 total relative archaeal abundance. 150
Domain-level biotic interactions. Non-metric multidimensional scaling (NMDS) ordination 151
of microbial OTU communities and corresponding environmental metadata revealed that 152 samples were conserved between sites and broadly by geographic region (Fig. S3 ). bacterial 153 communities exhibited the greatest overall species richness based on Chao1 estimates ( Fig.3) , 154 particularly at the Windmill Islands (observed mean=1341.9, estimated mean=2270.1). In 155 contrast, greater eukaryotic richness was observed throughout the Vestfold Hills (observed 156 mean=56.1, estimated mean=132.3). archaeal communities exhibited the lowest overall 157 species richness (observed mean=35.9, estimated mean=50.9), with RR being an exception 158 (observed mean=94.6, estimated mean=106.4). Pearson's correlations between domain-level 159 pooled Chao1 richness estimates revealed weak but significant (P<0.05) negative 160 relationships of bacterial communities against both eukaryotic (R=-0.23, P=0.0034) and 161 archaeal (R=-0.17, P=0.045) communities. However, no significant correlation was found 162 between eukaryotic and archaeal richness (R=0.039, P=0.64). Networks displaying the co-163 occurrence of OTUs offered new insights into the polar soil microbiome through the sharing 164 of niche spaces or potential interactions between co-existing taxa at the domain level ( Fig. 5 ). 165
The resulting network for the Vestfold Hills consisted of 43 nodes (clustering 166 coefficient=0.214) and 44 edges (average no. of neighbours=2.047, characteristic path 167 length=3.247) across 8 connected components with a network diameter of seven edges (Table  168 S2). Whereas, the resulting Windmill Islands network consisted of 58 nodes (clustering 169 coefficient=0.448) and 201 edges (average no. of neighbours=6.931, characteristic path 170 length=2.377) across three connected components with a network diameter of six edges 171 (Table S2 ). Overall, microorganisms present within our soil microbial networks tended to co-172 occur more than expected by chance (P<0.001). 173
Linear correlations between species richness and selected physiochemical soil factors. 174
bacterial, eukaryotic and archaeal communities within these polar soils exhibited different 175 response patterns when correlated against the selected physiochemical variables (Table 1) . 176
Out of the 52 variables tested, bacterial richness demonstrated the highest total number of 177 significant correlations (n=26, P<0.05), the strongest relationships were observed for pH 178 (R=0.63), SiO2 (R=-0.64), Al2O3 (R=0.68) and gravel (R=0.61). bacterial species richness was 179 largely found to be negatively correlated against nutrient availability, water extractable ions 180 and oxide levels (P<0.05). Whereas, positive associations were generally observed with 181 particle size (P<0.05). In contrast, fewer significant correlations were observed for both 182 eukaryotic (n=15, P<0.05) and archaeal (n=13, P<0.05) richness against the selected soil 183 parameters, most of which comprised weak-to-moderate strength correlations. Shared 184 correlations (n=15, P<0.05) between eukarya and bacteria inversely selected for richness 185 such as particle size and oxide levels. Whereas, archaea were uniquely correlated to some 186 variables of total carbon (TC, R=0.18, P<0.05), total nitrogen (TN, R=0.24, P<0.05) and Iron 187 Very strong niche partitioning are involved in the structuring of our polar soil bacterial 222 communities ( Fig. 5 and S4 ; Table 1 ). It was particularly evident for bacterial communities at 223 the Windmill Islands where environmental gradients were more pronounced ( Fig S3 and 224 Table S3 ). As theorised, reduced niche overlap may result in weaker interspecific competition 225 that aids coexistence within species-rich communities (Finke & Snyder 2008), a feature that 226 promotes greater biodiversity and resource exploitation by the relatively species-rich bacterial 227 communities existing under adverse conditions ( Fig. 2 and 3) . In contrast, species-poor 228 communities inhabiting more homogenous environments, neutral dynamics may dominate as 229 dispersal limitation or longer lifespans may prevent competitive exclusion (Verbeck 2011). 230 At both regional and local scales, apparent multimodality of the relatively species-poor 231 eukaryotic and archaeal communities suggest that neutral processes play a larger role in 232 ecosystem processes than expected, particularly at the Vestfold Hills ( Fig. S5 and S4 Also noted was a lack of co-occurrent eukaryotic species, suggesting competition. The 276 astounding taxonomic diversity of Actinobacteria (Fig. 2) , was reflected in their ability to 277 occupy multiple niches and form the majority of connections with co-existing species, 278 essentially moulding the microbial backbone within these Antarctic desert soils.
Information on non-random co-occurrence patterns are valuable for soil ecosystems where 280 basic ecology and life history strategies of resident microbiota are largely unknown (Barberán 281 et al., 2012; Janssen et al., 2006) . This gap in knowledge is more apparent in extreme edaphic 282 environments like Antarctica. Often described as the last great wilderness, Antarctica is the 283 most undisturbed natural environment left on Earth (Terauds et al., 2012) . But, the predicted 284 acceleration of rapid ice-melt leading to large-scale biotic homogenisation raises many 285 concerns regarding the potential for rare biodiversity loss (Terauds et al., 2017) . We provide 286 comprehensive information of the structuring of microbial biodiversity in east Antarctic soils. included in this study have been previously submitted for extensive physiochemical analysis 304 by the AAD and Bioplatforms Australia (Table S2) . Sequences were quality filtered, trimmed and clustered de novo to pick OTUs at 97% 320 identity, reads were then assigned to separate sample-by-OTU matrices for each amplicon 321 (Table S1 ). OTUs were taxonomically classified against the SILVA v3.2.1 SSU rRNA 322 database (Quast et al., 2013). Where applicable, new OTU matrices were merged with 323 existing ones using the QIIME 2 (https://qiime2.org) feature-table merge option. These were 324 rarefied using the qiime feature-table rarefy function to generate random subsamples 325 (bacterial 16S=700k reads, eukaryotic 18S=23k reads, archaeal 16S=850k reads). between multiple nodes, respectively. The size of each node is proportional to their degree of 347 connectivity and coloured according to phylogeny (Fig. 2) . Edge colour is based on the 348 positive or negative sign linearity. Statistical inferences of network topology were calculated 349 using the Network Analyser algorithm (treatment=undirected) in CYTOSCAPE (Table S2) . Greatest phylogenetic diversity is exhibited by bacteria followed by eukarya then archaea. Across all three domains, distribution of phyla abundances is generally uneven as a handful of taxa tend to dominate but strong compositional differences are apparent between the Windmill Islands and Vestfold Hills regions. Table 1 Pearson's correlations between microbial richness estimates and selected physiochemical soil parameters (where significant correlations are shaded in grey and * = p < 0.05, ** = p < 0.01 and *** = p < 0.001). 
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